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Abstract 
In the apparel supply chain, brick-and-mortar stores rely on sales effort to 
increase demand. However, the cross channel free-riding behavior of “expe-
rience offline, purchase online” will harm sales profit of physical stores. In 
order to solve the problem, this paper considers a multi-channel apparel 
supply chain consisting of an upstream manufacturer and a downstream re-
tailer, where the manufacturer opens an online direct channel and the retailer 
opens offline and online channels. First, a Stackelberg game model is estab-
lished between the manufacturer and the retailer. Then we study equilibrium 
retail prices, the sales effort level and the supply chain performance under 
centralized decision, decentralized decision and surplus profit-sharing (SPS) 
decision. Finally, the optimal results in the three decisions are compared and 
analyzed from perspectives of the manufacture, the retailer and the whole 
supply chain. Our research results show that: 1) surplus profit-sharing con-
tract can improve retailer service level and supply chain profits, which also 
could avoid price competition among three channels and alleviate the nega-
tive impact of showrooming. 2) The greater the showrooming effect in mul-
ti-channels, the less the supply chain profits will get. 3) It is beneficial for the 
retailer to add a retailer’s online channel on typical dual channels. 
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1. Introduction 

Clothing industry is the most important and indispensable industry in the world, 
which has developed very rapidly in the past decades (Guo et al., 2020; Hsiao et 
al., 2019). Recently, apparel e-commerce has been further developed because of 
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the popularity of the Internet, the improvement of online payment security and 
the convenience of express delivery. However, adding online channels will have 
a negative impact on sales of the traditional brick-and-mortar store. For example, 
H & M opened eight online direct channels in 2017 when compared to 2016, but 
its store sales fell by 2.3% despite the number of brick-and-mortar stores in-
crease from 4351 to 4739. Therefore, in order to reduce the impact of online 
channel on offline channel, retailers have to provide better offline service. For 
instance, physical store provides customers with free service of trying on new 
clothes or shopping guides recommends the suitable clothing style to customers, 
etc. At this time, the showrooming phenomenon appears, that is, after customers 
experience the services provided by retailers in physical stores, they turn to on-
line channels to buy clothes at a lower price (Zhang et al., 2017; Viejo-Fernández 
et al., 2020). 

Customer free-riding behavior will decrease the demand and profit of retailers 
who provide the sales effort (Kato, 2019; Kuksov & Liao, 2018; Schneider & 
Zielke, 2020). Therefore, in order to deal with the problem that a large number 
of customers turn to online, retailers have to also open online direct channels to 
divide up a fixed online market, which can increase market coverage, control 
sales prices and increase profits. For example, Alibaba Cloud in China is pro-
moting a new shopping channel. When the customer experiences the service in 
the physical store, the shop guides set up the way of adding friends with Wechat 
to open the retailer’s online channel. Then retailers release the clothing’s latest 
styles and related activities in real time through Wechat. However, in the tradi-
tional dual-channel supply chain, adding a new channel will aggravate the con-
flicts among channels, which may affect the profit of each channel. In the face of 
profit conflicts across multiple channels, some researchers have used centralized 
models to consider the benefits of the overall supply chain. The centralized 
model is to determine the decision variables of retailers and manufacturers 
through one central decision maker, so as to optimize the operational efficiency 
of the whole supply chain (Li et al., 2019b). However, there are both upstream 
manufacturers and downstream retailers in the dynamic supply chain, they al-
ways ignore individual profits when considering the overall optimal profit. 
When the whole supply chain is optimal, the manufacturer or retailer may lose 
profits, which will weaken the enthusiasm of supply chain members. Therefore 
some researchers have proposed decentralized models that fully consider their 
own benefits (Fu & Ma, 2019). The decentralized model can bring maximum 
profits for individuals, but it will intensify competition between opponents, 
which is detrimental to the steady development of manufacturers and retailers 
and has a negative impact on the overall supply chain profits. Therefore, many 
studies choose a coordination mechanism in order to balance the strengths and 
weaknesses of centralized and decentralized models. By cooperating with each 
other, they consider both their own profits and the overall profits, thereby alle-
viating channel conflicts (Chen et al., 2016). Different problems often adopt dif-
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ferent coordination models. Most of papers about consumer free riding behavior 
under the dual channel supply chain choose to coordinate from the perspective 
of controlling service cost (Zhou et al., 2018; Bai et al., 2017). 

In the multi-channel supply chain composed of manufacturer online, retailer 
offline and retailer online, the manufacturer, as the leader of Stackelberg game, 
sells same clothes to consumers and retailers to earn profits. Meanwhile, retailers 
set up sales effort to attract customers and expand online direct sales channels to 
take over online shares. But under this circumstance, how to coordinate profits 
will be a complex problem. Manufacturers could have brought demand through 
retailers’ sales effort, but the online presence of retailers has had an impact on 
their demand, so the introduction of a new channel is a challenge to supply 
chain members. In the past, most of the studies were about the consumer free 
riding behavior in traditional dual channels (He et al., 2016; Li et al., 2019a; Pu et 
al., 2017). There are few articles on free riding in multi-channel. Therefore, this 
paper will study how to reduce the negative impact of free riding behavior of 
customers in the multi-channel apparel supply chain.  

To solve above problems, this article will propose a multi-channel Stackelberg 
game model in the apparel supply chain. Suppose demands are deterministic, we 
consider using the SPS coordination mechanism. The retailer’s online channel 
indirectly obtains additional demand through the sales efforts of physical stores, 
while competing with the manufacturer’s online channel. Facing this situation, 
manufacturers are unwilling to share the retailer’s sales effort costs, so they do 
not adopt the cost sharing contract (CSC) coordination mechanism as com-
monly used in dual channels. But if customers experience the service in the retail 
stores, more people choose the manufacturer’s online channel, which drives the 
manufacturer to earn more profits. At this time, manufacturers and retailers can 
bargain to distribute residual income, so they can sign SPS contracts. 

The rest of the article is organized as follows. Section 2 introduces review of 
related literature. Section 3 describes problem and notation of this paper. Section 
4 set up the model and obtains equilibrium solution of the centralized decision, 
the decentralized decision and the SPS decision. Section 5 studies the influence 
of two main factors on channel members and supply chain performance by sen-
sitivity analysis. Finally, we make summary and future work in Section 6. 

2. Literature Review 

This paper presents the different performance of the manufacturer and the re-
tailer in three channel models when customers have showrooming behavior in 
multi-channels, then studies whether profit sharing mechanism can coordinate 
their price, sale efforts and supply chain profit. Related work mainly includes 
three aspects: showrooming in multi-channel, sales effort and coordination 
mechanism. 

2.1. Showrooming in Multi-Channel  

The phenomenon of showrooming is common in of multi-channels apparel 
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supply chains, and many researchers have extensive research in this area. Re-
search by Van Baal & Dach (2005) pointed out that in a dual-channel supply 
chain consisting of retail’s traditional channels and manufacture’s electronic di-
rect sales channels, more than 20% of consumers are free riders. Showrooming 
will erode the profits of supply chain, which is one of the most important prob-
lems faced by companies in different channels. For example, Xing & Liu (2012) 
believed that the free-riding effect affects the sales effort of retailers’ physical 
stores, while also restraining the increase in manufacturers’ profits and overall 
supply chain performance. Zhou et al. (2018) studied how showrooming affects 
pricing between different price model and the same price model, then compares 
the results with two models in a dual-channel. The results of the study show that 
under service-cost sharing contracts, showrooming always has a negative impact 
on retailers’ profits. Pu et al. (2017) studied the impact of showrooming on the 
profits of members in dual channels under certain demand and uncertain de-
mand. This shows that the customer free-riding behavior under dual channels 
will lead to a decline in online and offline sales. He et al. (2016) studied two 
models about customer free-riding and non-free-riding behaviors under dual 
channels, and compared the carbon emissions of life cycle products in a closed-loop 
supply chain. The study found that manufacturers benefited from customer 
free-riding, but increased carbon emissions throughout the supply chain. Most 
of the effects of consumer free riding on dual channels are negative, but a few 
researchers hold the opposite opinion. Liu et al. (2020) established and com-
pared four kinds of Stackelberg game models. In these models, the online chan-
nel and offline channel cooperate through a display showroom. The results show 
that regardless of the kind of channel structure, a display showroom can gen-
erate benefits for the manufacturer, the retailer and the whole omni-channel 
supply chain. Viejo-Fernández et al. (2020) analyze that customers do not go to 
experience the store rather than purchasing directly through online channels, 
they need to pay a large amount of money, so showrooming has a positive effect 
on customers. In the above studies, the customer free riding behaviors are all 
occurred in the traditional dual channels. In this paper, we introduce showrooming 
phenomenon that occurs in multi-channels. 

2.2. Sales Effort 

When customers are shopping, besides the price factor, the sales effort of physi-
cal stores will also affect the customers’ purchase behavior. Retailers’ sales efforts, 
such as advertising, discounts, free gifts, membership card points and exhibi-
tions etc. will affect the demand between among channels. Therefore, this paper 
adds sales effort to the basic demand model. For example, Taylor (2002) believed 
that retailers’ sales effort will promote the increase of market demand. Ranjan & 
Jha (2019) researched in the dual channel supply chain, and established the cen-
tralized model, the decentralized model and the coordination model respectively 
to analyze of the retailer’s sales effort decision variables. Wang & Song (2019) 
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based on Ranjan & Jha (2019), studied the impact of sales efforts on results un-
der uncertain demand conditions. Li et al. (2019a) studied the comparison and 
analysis of some key parameters between dual channels without service effort 
strategy, ex-ante service effort strategy and ex-post service effort strategy. The 
comparison shows that the retailer’s service effort strategy after the manufactur-
er is better than that before the manufacturer, and the manufacturer and the re-
tailer gain the most revenue in the ex-post service effort strategy. Tian et al. 
(2020) studied the sales efforts in the Stackelberg dynamic game in the mul-
ti-channel supply chain and analyzes its complexity. Yang et al. (2017) proposed 
in the agricultural supply chain, the market demand depends on the sales effort, 
which both the optimal initial order quantity and the optimal option quantity 
increase with the sales effort. Yang & Tang (2019) presented the channel selec-
tion of three modes, such as retail mode, dual channel mode and O2O mode, the 
optimal decision-making of fresh products with and without freshness-keeping 
effort is studied. The more sensitive customers are to product freshness, the 
more efforts retailers make to maintain freshness that will benefit all members of 
the supply chain. Friend et al. (2020) have found that sales efforts rely on stra-
tegic insights provided by services, which will strengthen co-creation contracts. 
In the past, literature researchers always considered how sales efforts affect the 
company’s operational decision-making. Few literatures study how retailers’ sales 
efforts mitigate the negative impact of showrooming. 

2.3. Coordination Mechanism 

The essence of supply chain coordination is to distribute profits reasonably be-
tween manufacturers and retailers and to optimize the supply chain profits. How 
to coordinate to improve the efficiency of supply chain is the priority of supply 
chain management. This is because the supply chain contains many independent 
individuals. Each member maximizes their own benefits, which will often cause 
“double marginal effect” that makes it impossible to achieve supply chain coor-
dination under decentralized decision. Therefore, it is necessary to establish a 
reasonable coordination mechanism to optimize the decentralized model. For 
example, Yang & Chen (2018) built and compared four schemes such as Revenue- 
Sharing scheme, Cost-Sharing scheme, both scheme and Neither scheme. The 
author thought that above contracts will encourage manufacturers to reduce car-
bon emissions, but the incentive effect of revenue-sharing contract is better than 
cost-sharing contract. Modak & Kelle (2019) put forward a dual-channel supply 
chain that takes into account the uncertain demand of price and lead time, a 
coordination mechanism is used to control inventory management. Qian et al. 
(2020) came up with a two-stage sustainable supply chain composed of a manu-
facturer with a sense of social responsibility and a retailer with a sense of fairness, 
then compares the impact of two cooperative contracts such as wholesale price 
and two-part contract and two non-cooperative contracts such as Nash equili-
brium and bargaining on supply chain performance. Zhang et al. (2020) studied 
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the smart cell phone batteries quality and price in defective item return and waste 
product return, and used revenue-sharing contract to motivate retailer’s efforts in 
recycling waste products. Zhao et al. (2020) proposed to coordinate the price and 
quality aspects of the fashion supply chain under demand disruptions, and argued 
that profit sharing contracts have greater advantages than linear quantity dis-
count contracts in some cases. Choi & Liu (2019) conducted the optimal adver-
tisement strategy about risk attitudes of the luxury fashion brand, the coordina-
tion mechanism overcomes the double marginal effect in each risk attitude case. 
In the existing research papers, there have been many different contracts, such as 
wholesale price contract, two-part tariff contract, revenue sharing contract and 
quantity elasticity contract and so on. In the past, the coordination mechanism to 
solve dual channel showrooming was always cost sharing contract. Because re-
tailers have made sales efforts, manufacturers have to split the costs for the cus-
tomer free riding behavior. However, in the multi-channel fashion supply chain, 
the company should give priority to the retained earnings to ensure that it does 
not lose money, and then realize the long-term maximization of enterprise value 
through the distribution of residual profits between a retailer and a manufacturer. 
Therefore, this paper uses the SPS to coordinate the channel supply chain. 

The key feature of this research is the influence of customers’ showrooming 
on the performance of the manufacturer and the retailer in the multi-channel 
apparel supply chain rather than in dual channel. This paper also studies the re-
tailer’s sales effort as the main non-price factor that affects customers’ sho-
wrooming behavior. In addition, based on the centralized model and the decen-
tralized model, the SPS contract is used to coordinate the retailer’s sales effort 
and supply chain profit. 

3. Problem Description and Notations 

A multi-channel apparel supply chain model consisting of a single manufacturer 
and a single retailer is considered in this paper. Manufacturers directly sell prod-
ucts online and wholesale products to retailers. At the same time, retailers sell 
their products through online and offline channels, as shown in Figure 1. First, 
the manufacturer sells the product to the consumer directly at price online mop  
and sells the product to the retailer at wholesale price w. Then, the retailer deter-
mines the offline sales price rfp  and online price rop  according to the whole-
sale price w. The relevant parameters used in this paper are presented in Table 1. 
In the actual purchase process, some consumers are used to try on clothes in 
physical store and obtain the information about clothes before shopping, to avoid 
the frequent return and exchange of online purchase. After getting the price in-
formation of each channel, customers usually turn to the channel with lower 
price. To retain these customers, retailers also add online channels. In the original 
dual channel clothing supply chain, the addition of retailers’ online channels will 
not only compete with offline channels, but also with online channels. Compared 
with the classic dual channel model, the multi-channel model leads to a wider 
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coverage of customers, more fierce competition of price, and more common free 
riding behavior in the apparel industry. For example, in real life, customers try on 
the clothes and choose the suitable size in clothing retail entity shop, then they 
will compare the online prices between the manufacturer and the retailer through 
mobile phones so that they will choose one of the two channels to purchase. In 
the past, there was only one manufacturer’s online channel, so they had to choose 
it if they didn’t satisfy with offline price. However, if only one of the online pric-
es is lower than the offline price in the multi-channels, customers will pay in the 
online channel. The reason that showrooming is more popular in the mul-
ti-channels is that there are more options are available for hesitant customers to 
select.  
 
Table 1. List of notations and descriptions. 

Notation description 

c Manufacturing cost 

w Wholesale price 

a Basic potential market demand 

1b  Price competition parameter (online-offline) 

2b  Price competition parameter (online-online) 

mop  Price online of manufacturer 

rfp  Price offline of retailer 

rop  Price online of retailer 

θ  Showrooming effect coefficient 

t Manufacturer’s share in the online market 

s Sales effort level 

k Sales effort cost coefficient 

λ  Bargaining power of manufacturer 

β  Bargaining power of retailer 

moD  Online demand for manufacturer 

rfD  Offline demand for retailer 

roD  Online demand for manufacturer 

mπ  Manufacturer profit 

rπ  Retailer profit 

c
scπ  Supply chain profit in centralized mode 

d
scπ  Supply chain profit in decentralized mode 

co
scπ  Supply chain profit in coordination mode 
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Figure 1. Multi-channel apparel supply chain structure. 

 
Hypothesis 1: Assume that manufacturer and retailer all profit per product, so 

the price needs to satisfy { }min , ,mo rf rop p p w c> > . 
Hypothesis 2: Because the two channels have their own advantages, for exam-

ple, online shopping is more convenient and physical shopping experience is bet-
ter. Hence suppose that consumers have no channel preference at first, and the 
initial potential market demand is a. 

Hypothesis 3: Retailers’ brick-and-mortar stores have made sales effort, so this 

paper considers that the cost of retailer’s sales effort is ( ) 21
2

C s k s= ∗ ∗  (Desiraju 

& Moorthy, 1997; Tsay & Agrawal, 2000; Saha, 2013), which s is the sales effort 
level, k is the sales effort cost coefficient, and the sales effort cost increases with 
the sales effort. 

Hypothesis 4: Because in the apparel supply chain, from the early stage of cos-
tume design, fabric purchasing, apparel manufacturing, until the sales and other 
links, which are made by manufacturer (Şen, 2008). The retailer is downstream of 
the manufacturer and needs to cooperate with it. Therefore this paper assumes 
that the manufacturer is the leader of the Stackelberg game and the retailer is its 
follower. 

According to the basic demand function (McGuire & Staelin, 1983; Moon et al., 
2018), this paper introduces sales effort, the multi-channel demand functions are 
given by: 

( ) ( )1 2mo mo rf mo ro moD a p b p p b p p t s= − + − + − + θ            (1) 

( ) ( ) ( )1 1 1rf rf mo rf ro rfD a p b p p b p p s= − + − + − + −θ          (2) 

( ) ( ) ( )1 2 1ro ro rf ro mo roD a p b p p b p p t s= − + − + − + − θ          (3) 

where 1b  is the competition coefficient between online and offline channels, the 
greater 1b  is, the more intense the competition between online and offline 
channels is. 2b  is the competition coefficient between online channels of manu-

Customers
Manufacturer

Retailer

Online

Offline

Online

Wholesale price Offline price

Online price

Online priceManufacturing cost
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facturers and retailers, the greater 2b  is, the more intense the competition be-
tween online channels of manufacturers and retailers is, and 10 1b< < , 20 1b< < , 
to ensure the downward inclination of demand function. t is manufacturer’s 
share in the online market, 1 t−  is retailer’s share in the online market. The 
larger t is, the more customers are willing to choose manufacturers’ online chan-
nels, and only a few people will choose retailers’ online channels. θ  is the sho-
wrooming effect coefficient, reflecting the dependence degree between retailers 
and the manufacturer. The larger θ  is, the more serious the free riding problem 
is. s is the sales effort level paid by retailers, which will increase the demand of the 
retailer and the manufacturer. 

( ) ( )( )m mo mo rf rop c D w c D Dπ = − + − +               (4) 

( ) ( ) 21
2r rf rf ro rop w D p w D sπ = − + − − κ               (5) 

4. Models 
4.1. Optimal Decision under Centralized Mode 

Centralized strategies in the apparel supply chain environment require man-
ufacturers and retailers to work more closely to create profits. The centralized 
model studies the overall profit of the supply chain from a system perspective. 
The supply chain profit is the sum of the manufacturer profit and the retailer 
profit. The sales price and the sales effort level are uniformly set by centra-
lized decision makers. The centralized decision variables in the apparel supply 
chain include , ,mo rf rop p p  and s. By getting an equilibrium solution to the 
decision variables, the profit of the entire supply chain is optimized. 

In the centralized mode, the game sequences of the manufacturer, the re-
tailer and consumers are: 1) centralized decision makers determine the sales 
effort level; 2) centralized decision makers determine the sales price; 3) con-
sumers decide to buy in the right channel. Figure 2 illustrates this decision 
process. 

The supply chain profit under the centralized mode is as follows: 

( ) ( ) ( ) 2 2sc m r mo mo rf rf ro rop c D p c D p c D ksπ = π + π = − + − + − −       (6) 

Proposition 1. The feasible region of equilibrium price is not straightforward. 
When Hessian matrix is negative, it needs to meet the conditions of  
( )( ) 2

1 2 1 11 1 2b b b b+ + + >  and 2
1 1 2 1 23 4 2 6 1 0b b b b b+ ++ >+ . scπ  is the joint 

concave in , ,mo rf rop p p , thus we can maximize profit scπ . The specific steps 
are as follows. 

First, we find the first-order derivative of ( )( ) 2
1 2 1 11 1 2b b b b+ + + > , scπ  with 

respect to mop , rfp  and rop  respectively and set them to zero, then obtain 
the sales price. 

( )1 2 1

2 2
c
mo

sb N s b b tMa c
N

p
M

+ θ − +
+

+
=                  (7) 

( )1

2
1

2
c
rf

s ba cp
M

= +
+ −θ+                       (8) 
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Figure 2. Decision process in the centralized setting. 

 

( )1

22
c
ro

sb N s P
p

tMa c
MN

+ θ −
= +

+                    (9) 

11 3M b= + , 1 221N b b= + + , 1 21 2bP b+ +=  

Proposition 2. From the above formula, we can see max ,
2

c
rf

a cp c > 


+



; 

when 0.5t ≥ , we can get c c
mo rop p≥ ; when 0.5t < , we can get c c

mo rop p< , in-
dicating that in the centralized mode, the retailer’s offline price depends on the 
production cost and potential market demand. When more customers choose 
manufacturer’s online channels, the retailer has to set lower prices than man- 
ufacturer in order to attract more customers, vice versa. 

when 

( ) ( )
( ) ( ) ( )( )

( ) ( )

2 2 2
2

2 2
1 2

2 2
1 2

1 1 2 2

2 1 3 1 2 2 2 1 6 8

1 6 2 4 3 4 2 0

sc t t
s

b t t b

b b

∂π
= − θ + θ − +

∂

+ − θ + − + θ + − κ − κ

+ − κ + − θ+ θ − κ − κ <

, scπ  is a strict-

ly concave function of s. Then following the backward induction, the above Eq-
uations (7) (8) (9) is introduced into scπ , and the first-order of scπ  with re-
spect to s is used to get the equilibrium solution of sales effort level s: 

( )
( ) ( ) ( )2

2

*
2

1 12 1 2 3 2 2
c a c MN

b N M t t b MN
s

b

−

 θ − − − − + + + θ + κ 
=       (10) 

Taking *cs  into Equations (7) (8) (9), we can get * * *, ,c c c
mo rf rop p p : 

( ) ( )
( ) ( ) ( ){ }

1 2 1

2 2
1 1 2

*

2 2 1 32 2 2 2
c
mo

b N b b tM
p

a ca c

b M N M t t b b

+ θ − + − +  
 θ − − + κ − − + + +

+
θ

=  (11) 

( )( )
( ) ( ) ( ){ }

1

2
1 2

*

2
1

1

2 2 1 2 2 32 2
c
rf

b a c Na c

b M N M t t b b
p

+ −θ −+

 θ − − + κ − − + + + θ 

= +  (12) 

( ) ( )
( ) ( ) ( ){ }

1

2 2
1 1 2

*

2 2 1 2 2 32 2
c
ro

tM a ca c

b M N M t

b N P

t
p

b b

−+

 θ − − + κ − − + + +

+ θ −

θ

 +




=  (13) 

Experience service

①sales effort ③Customers

Buy at low 
price 

②Decide 
simultaneously

Offline price

Online price

Retailer
Offline

Manufacturer 
online

Retailer online
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According to the optimal solution of the above decision variables  
* * * *, , ,c c c c

mo rf ros p p p , which is brought into Equation (1)-(6), the optimal demand 
* * *, ,c c c

mo rf roD D D  and optimal profit * * *, ,c c c
m r scπ π π  can be obtained under the centra-

lized mode of clothing supply chain. 

4.2. Optimal Decision in Decentralized Mode 

Under the decentralized model, the manufacturer’s profit and the retailer’s profit 
are optimized. In the decentralized mode, the game sequence of the manufac-
turer, the retailer, and consumers is: 1) the retailer determines the sales effort 
level; 2) the manufacturer determines the wholesale price and the manufactur-
er’s online price; 3) the retailer based on the wholesale price and online prices of 
the manufacturer, and then determine retail’s offline prices and online prices; 4) 
consumers choose the appropriate channels to buy. Manufacturer’s decision on 
product wholesale prices and online prices has an indirect impact on the retail-
er’s revenue. Retailers’ sales effort level and retail prices have an impact on 
manufacturer’s revenue. Under the mutual influence of prices, manufacturers 
and retailers, as independent individuals, are pursuing the maximization of their 
own profits. Figure 3 illustrates this decision process. 

4.2.1. Retailer’s Best Price Response 
The retailer’s best price response strategy is obtained by standard backward in-
duction. 

Proposition 3: when Hessian matrix is negative, the condition of  
2

1 1 2 1 24 12 4 8 4 0b b b b b+ + + + >  must be satisfied. Retailer’s profit rπ  is a joint 
concave function with respect to rfp  and rop , and d

rπ  obtains the maximum 
value. The specific steps are as follows. 

First, the first-order derivative of rfp  and rop  is obtained by Equation (5), 
and the retailer’s optimal response function is obtained. 

( )
( )

1

2
mod

rf

b Np M
M

H w aP Js
p

H
+ + + +

+
=                 (14) 

 

 

Figure 3. Decision process in the decentralized setting. 
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( )
( )2

mod
ro

aM Hp M
M

H w Ks
p

H
+ + ++

+
=                 (15) 

2
1 2 1 22H b b b b+ += , ( )( ) ( )2 11 1 1J b b t= + −θ + − θ , ( ) ( )11 1 2K t b t= θ − + + θ− θ  

4.2.2. Manufacturer’s Price Decision 
When Equation (14) and Equation (15) are introduced into Equation (4), it is 
obvious that mπ  satisfies the Hessian matrix negative definite condition  

2 2

2

2 2

2

m m

mo

m m

mo mo

w pw
H

p w p

 ∂ π ∂ π
 ∂ ∂∂ =  ∂ π ∂ π 
∂ ∂ ∂  

, i.e. the first-order determinant  

( )2 3 2 2
1 1 1 2 1

2
2
22 2 1 2 2 12 5 8 3 2 02 7 3m b b b b b b b b b b b

w
− + + +

∂ π
= +

∂
+ + + <+  and the  

second-order determinant 
( ) ( )2 2 2

2 2 1 2 1 2 2
3
14 6 10 5 3 7 6 2 9 17 6 0b b b b b b bH b+ + + + + + + += > . Manufactur-

er’s profit mπ  is a joint concave function of w and mop , and d
mπ  obtains the 

maximum value. 
We find the first-order derivative of mπ  with respect to mop  and w respec-

tively and set them to zero, then obtain the wholesale price and manufacturer’s 
online price. 

( ) ( )( )
( )( ) ( )( )

( ) ( )
( ) ( )( )

3 2 2 2
1 2 1 2 2 1 2 2

3 2
1 2 1 2 1

2
2 2

3 2
1 2

2
2

22 2
2 2

1 21

( ) 4 6 3 7 6 2 9 17 6 5 10

2 8 6 1 4 13 5 6 8

1 2 2 2 2

2 4 6 3 7 6 2 9 17 6 5 10
d

a c b b b b b b b b

b b t b b t b

w

t b
s

b t b t

b b b b b b b b

+ + + + + + + + +

 + + − + θ + + − θ − θ+
 +
 + + θ + − θ + − θ 

+ + + + + + + +
=    (16) 
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2
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4 6 3 7 6 2 9 17 6 5 10

2 6 6 5 3 9 4 2 13 7

1 1 2 3 4

2 4 6 3 7 6 2 9 17 6 5 10
d
mo

a c b b b b b b b b

b b t b b b t b t b
s

b t b t

b b b b b b
p

b b

+ + + + + + + + +

 + + − θ+ θ + + + − θ+ θ+ θ
 +
 + + θ + + θ+ θ + θ 

+ + + + + + + +
=  (17) 

dw  and d
mop  above are the price decision variables of manufacturers. Then 

dw  and d
mop  are inversely brought into the retailer’s price decision Equation 

(14) and Equation (15), and new optimal solutions 1d
rfp  and 1d

rop  are obtained. 

4.2.3. Retailer’s Optimal Sales Effort Level  
The retailer determines the level of sales effort s to maximize its retailer profits. 
First, the manufacturer’s prices dw  and d

mop  and the retailer prices 1d
rfp  and 

1d
rop  are currently brought into rπ , and then rπ  takes a first-order partial de-

rivative of s and lets the derivatives be equal to zero, we obtain *ds . 
Taking *ds  into the price optimal solution of manufacturer and retailer’s 

price decision, we can get * * * *, , ,d d d d
mo rf row p p p ; at the same time, taking  

* * * * *, , , ,d d d d d
mo rf ros w p p p  into Equations (1)-(6), we can get the optimal solution 
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demand * * *, ,d d d
mo rf roD D D  and optimal profit * * *, ,d d d

m r scπ π π  in decentralized mode. 

4.3. SPS Coordination Mechanism 

Because of the double marginalization, the supply chain profit in the centralized 
model is higher than that in the decentralized model (Ranjan & Jha, 2019), so it 
is necessary to use the coordination model to optimize the former supply chain 
model. In this paper, the SPS coordination mechanism is used to coordinate the 
profits of both sides through the manufacturer’s bargaining power α  and the 
retailer’s bargaining power β  ( 0 1< α +β < ). The coordination of surplus 
profit is determined by the negotiation ability of both parties. The higher α  
means the stronger negotiation ability of the manufacturer, and the manufac-
turer gets more surplus profit. The higher β  means the retailer gets more sur-
plus profit. As required, the coordination model is as follows: 

( ) ( ) ( )

( ) ( )( ) ( )
( ) ( ) ( )

* *

2

*

2 * * *

Subj

1Maximi

ect to

1

z

2

e
2

co d c d
m mo mo rf ro m sc sc

co d c d
r

co
sc m r mo mo rf rf ro ro

rf rf ro ro r sc sc

p c D w c D D

p w D p w D s

p c D p c D p c D s

π = − + − + ≥ π +α π − π

π = − + − − κ ≥ π +β π

π = π + π = − ∗ + − ∗ + − ∗ − ∗κ∗

− π

(18) 

In the above formula, when the manufacturer (retailer) profit is higher than 
the sum of the manufacturer (retailer) optimal profit and the residual profit ne-
gotiation value, the supply chain profit maximization is achieved. Among them, 
α  represents the proportion of the manufacturer in the surplus profit, and 

( )* *c d
sc scα π − π  is the additional profit obtained by the manufacturer through ne-

gotiation. β  represents the proportion of the retailer in the surplus profit, and 

( )* *c d
sc scβ π − π  is the extra profit obtained by the retailer through negotiation. The 

manufacturer and the retailer bargain with the remaining profits of different 
channels, and the stronger their ability is, the more profits they get in the profit 
distribution mechanism. 

5. Sensitivity Analysis 

Parameter θ  and t are the two most important factors that affect supply chain 
performance. Thus sensitivity analysis mainly studies the influence of sho-
wrooming effect coefficient θ  and manufacturer’s share in the online market t 
on the optimal price, sales effort, demand and profit. In order to make this sen-
sitivity analysis more intuitive, black, red and blue lines or surfaces are used to 
represent the centralized model, decentralized model and the coordinated model 
respectively.  

5.1. Under the Influence of Showrooming Effect Coefficient 

Under the assumption of 200a = , 1 0.8b = , 2 0.7b = , 20c = , 0.5t = ,  
0.9κ = , 0.35α = β =  three modes are compared and analyzed. In the follow-

ing figures, the showrooming effect coefficient increases from 0 to 1 at 0.1 inter-
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vals, and study the influence of θ  on decision variables and profits. 
Figure 4 shows the effect of showrooming effect coefficient θ  on the optimal 

sales price of retailer and manufacturer. First of all, from Figure 4, we can see 
that the sales price in coordination mode is the highest compared with centra-
lized mode and decentralized mode. The possible reason is that under the SPS 
coordination mechanism, the manufacturer and the retailer achieve a win-win 
profit by increasing the sales price of each product. Secondly, with the increase 
of showrooming effect coefficient, the manufacturer’s online price and the re-
tailer’s online price in the centralized mode increase, while the retailer’s offline 
price begins to decline. The change range of sales price in the decentralized 
mode is not large, but when the showrooming effect coefficient is 0.27, the of-
fline price of retailers in the centralized mode is the same as that in the decentra-
lized mode. With the increase of showrooming effect coefficient, the online 
prices of the manufacturer and the retailer in the coordination mode increase 
steadily, while the offline prices of retailers decrease at a certain speed. This 
shows that when a large number of consumers have free riding behavior, physi-
cal stores have to reduce prices to attract customers to purchase, which is in line 
with the actual situation. Third, in terms of price setting, we see that in the de-
centralized mode, online and offline price of the retailer is around 140, while 
online price of the manufacturer is significantly lower than that of the retailer 
which around 110. In the coordination model, the manufacturer’s online price is 
slightly higher than the retailer’s online price. In the decentralized model, the 
manufacturer’s price is lower than the retailer’s, because there is no middleman 
for the manufacturer’s own operation, so he only needs to consider the produc-
tion cost, at the same time, he also needs to sell the products to the retailer, and 
earn the price difference from it, so he can set a lower price to make a huge prof-
it. After coordination, the manufacturer’s online price increases instead, and the 
free riding behavior of customers will be reduced correspondingly, which at the 
same time protects the benefits of both sides, so as to prevent vicious competi-
tion and damage the market rules. 

Figure 5 shows that, on the one hand, due to the double marginal effect, the 
demand of retailers in the centralized mode with line ② and coordinated mode 
with line ⑥ are higher than that in the decentralized mode with line ④. Com-
pared with the decentralized mode of retailer demand with lines ④, the coordi-
nated mode with line ⑥ is higher. Meanwhile, compared with the decentralized 
mode of manufacturer demand with lines ③, the coordinated mode with line ⑤ 

is lower. Under the coordinated of Figure 4(a), the price set by the manufactur-
er is higher, so the demand will be reduced, which directly leads to the demand 
growth of the retailer, which reflects that the retailer makes decision variables 
according to the manufacturer’s response. On the other hand, with the increase 
of showrooming effect coefficient, the demand change under decentralized 
mode with line ③ and ④ are not obvious, while the retailer demand under 
coordinated mode with line ⑥ decreases, and the manufacturer demand with 
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line ⑤ rises by a small margin. This shows that when the free riding behavior of 
consumers becomes more and more common, even if retailers introduce the on-
line retail direct channel in the traditional dual channels, it is not necessarily 
beneficial to retailers. 

 

 
(a) 

 
(b) 

 
(c) 

Figure 4. The effect of showrooming effect coefficient on price. 
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Figure 5. The effect of showrooming effect coefficient on demand. 
 

From the perspective of sales effort level and profit in Figure 6, first of all, it 
can be seen in Figure 6(c) that compared with the decentralized mode, SPS 
coordination mechanism can effectively improve sales effort level, while also 
promoting the growth of total profit. The increase of sales effort level promotes 
the increase of retailers’ demand (see Figure 5), and stimulates retailers to set 
higher sales price (see Figure 4(b), Figure 4(c)), so as to compensate the extra 
cost of sales efforts. Secondly, the trend of total profit and sales effort level of 
supply chain is very similar, which shows that sales effort level in decision va-
riables is one of the key factors affecting profit. In the decentralized model and 
coordination model, the sales effort level and the total profit of the supply chain 
decrease with the increase of the showrooming effect coefficient. Because the 
number of customers choosing online channels increases, the retailer’s physical 
stores will decide to appropriately reduce the sales effort level and the retailer’s 
demand will also decrease (see Figure 5), which shows that the lower sales effort 
level has a direct negative impact on demand and profit. Finally, with the in-
crease of showrooming effect coefficient, the offline profit of retailers in coordi-
nation decreases steadily (see Figure 6(a)), while the online profit of retailers 
and the profit of manufacturers increase (see Figure 6(a), Figure 6(b)). It can be 
seen that showrooming is beneficial for retailer online and manufacturer online, 
but it is disadvantageous for retailers stores even if manufacturers sign a surplus 
profit-sharing contract with retailers. This shows that the introduction of online 
channel by retailers can alleviate the loss caused by the increase of free riding 
behavior. 

5.2. Under the Influence of Both Showrooming Effect Coefficient θ  
and Manufacturer’s Share in the Online Market t 

Under the condition of 200a = , 1 0.8b = , 2 0.7b = , 20c = , 50w = ,  
0.9k = , 0.35α = β =  the parameter θ  and t increases from 0 to 1 at 0.1 in-

tervals respectively, and the graph changes are observed. In order to verify the 
effectiveness of SPS coordination mechanism again, we study the influence of 
and on relevant decision variables. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 6. The effect of showrooming effect coefficient on sales effort and profit. 
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From Figures 7(a)-(f), we study the relationship between price and demand 
under the joint influence of showrooming effect coefficient θ  and t. First of all, 
from the perspective of the three models as a whole, Figures 7(a)-(c) shows that 
the retail price in the coordination model is higher than that in the decentralized 
and centralized model, while the demand under the coordination in Figures 
7(d)-(f) is not best, even the manufacturer’s online demand is the lowest of the 
three models. This conforms to the market rules. The retail price is inversely 
proportional to the demand approximately. Secondly, from the trend of the 
graph, when the θ  is larger and t is smaller in the collaboration model, the in-
crease and decrease of the manufacturer’s online price and demand are not ob-
vious (see Figure 7(a), Figure 7(d)); the retailer’s offline price and demand are 
decreasing (see Figure 7(b), Figure 7(e)); the retailer’s online price and demand 
are increasing (see Figure 7(c), Figure 7(f)). This is because when customers are 
more willing to choose the online channel of retailers after experiencing the ser-
vice in the physical store, the online channel demand of retailers increases and 
the demand of physical stores decreases, so the physical store takes price reduc-
tion measures to retain the free rider customers. Finally, from the specific value 
of price and demand, under the influence of θ  and t, the manufacturer’s online 
price of coordination mode is maintained at about 160 (see Figure 7(a)), the re-
tailer’s offline price is between 145 - 160 (see Figure 7(b)), and the retailer’s on-
line price is between 140 - 160 (see Figure 7(c)), but the trend of retailer’s online 
price is opposite to offline price. Interestingly, the online demand of manufac-
turers is about 40 (see Figure 7(d)), and the retailer’s offline demand and online 
demand are between 70 and 120 (see Figure 7(e), Figure 7(f)). It is observed 
that when the manufacturer sets the online price is too high, which can cause its 
demand is significantly less than the retail channel. While the retailer’s price is 
slightly lower than the manufacturer’s setting, but the sales volume is increasing 
rapidly. From this phenomenon, we can see that price has a direct impact on 
demand. 

Figures 8(a)-(e) show sales effort and profit varies with θ  and t. They 
represent the retailer’s sales effort, retailer’s offline profit, retailer’s online profit, 
manufacturer’s profit and total supply chain profit respectively. First, as can be 
seen from Figure 8(a), the sales effort level is the highest in the centralized mode, 
followed by the coordinated mode and the lowest is the decentralized mode. It 
can be seen from Figure 8(b), Figure 8(c) that with the change in θ  and t, the 
online and offline profits of retailers in coordination mode are better than those 
in decentralized mode. Under the centralized mode, the offline profit of retailers 
is lower than coordination mode, and the online profit is higher than 
coordination mode. When the θ  is larger and the t is smaller, the retailer’s of-
fline profit decreases while online profit increases. As can be seen from Figure 
8(d), the manufacturer’s profit is generally higher than decentralized mode and 
slightly lower than centralized mode. With the increase of θ  and t, the profit of 
manufacturers rises rapidly in the centralized mode, and changes slightly in the 
decentralized mode and coordination mode. As can be seen from Figure 8(e), it  
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(f) 

Figure 7. The effect of θ and t on price. 
 

 
(a) 

 
(b) 

0

1

50

1

100

D
rf

0.8

Retailer offline demand under three modes

150

t

0.5 0.6

200

0.4
0.2

0 0

D
rf
c*

D
rf
d*

D
rf
co*

0

1

50

1

100

D
ro

0.8

Retailer online demand under three modes

150

t

0.5 0.6

200

0.4
0.2

0 0

D
ro
c*

D
ro
d*

D
ro
co*

-50

1

0

1

50

s

0.8

Sales effort level under three modes

100

t

0.5 0.6

150

0.4
0.2

0 0

s c*

s d*

s co*

-5000

1

0

1

rf

5000

0.8

Retailer offline profit under three modes

t

0.5 0.6

10000

0.4
0.2

0 0

rf
c*

rf
d*

rf
co*

https://doi.org/10.4236/ajibm.2020.104051


S. S. Wang et al. 
 

 

DOI: 10.4236/ajibm.2020.104051 769 American Journal of Industrial and Business Management 
 

 
(c) 

 
(d) 

 
(e) 

Figure 8. The effect of θ and t on price. 
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larger. 
On the one hand, compared with the decentralized model, the retailer in the 

coordination model provides a higher sales effort level, and the corresponding 
retailer profits and manufacturer profits are higher, so the overall supply chain 
profits are higher. This shows that the SPS coordination mechanism under the 
multi-channel clothing supply chain is an effective method, which can weaken 
the double marginal benefits between manufacturers and retailers, improve the 
efficiency of the whole supply chain, and achieve win-win between channel 
members. On the other hand, as customers choose more online channels of re-
tailers, online profits of retailers will increase, while retailer’s offline profits and 
supply chain profits will decrease. Compared with the free riding behavior of 
customers under the dual channel mode, this paper adds the online channel of 
retailers on the basis of the original dual channel supply chain. The free riding of 
customers will affect the profits of physical stores, but promote the online profits 
of retailers, alleviate the impact of free riding of customers on retailers, which 
shows that it is beneficial for retailers to add an online channel. 

6. Conclusion 

This paper mainly studies the influence of free riding behavior on retailer’s sales 
effort and supply chain profit in multi-channel clothing supply chain. This paper 
first sets up the linear demand function of sales effort and sales price, then ob-
tains the equilibrium solutions under the centralized model and decentralized 
model respectively by the first-order derivative of Stackelberg game theory, and 
then uses the coordination mechanism of SPS to achieve the purpose of reasona-
ble distribution of profits. Finally, it analyzes the influence of two factors on de-
cision variables and supply chain performance. Through analysis, we come to 
the following conclusions: 

First of all, SPS coordination model is like cost sharing model, they can coor-
dinate the sales efforts of physical stores and improve the supply chain profits, 
achieve the economic goal of supply chain profits and meet the benefits of 
channel members. 

Secondly, the higher the showrooming effect coefficient leads to the lower the 
retailer’s sales effort and the supply chain performance. This is mainly because 
retailers pay the cost of sales efforts, more customers choose to free riding, 
which leads to the increase in manufacturers’ profits and the decrease in retailers’ 
physical stores’ profits. Retailers decide to reduce sales efforts to pay less cost, so 
supply chain profits fall. 

Finally, under the free riding behavior of customers, the online channel of re-
tailers has a positive impact on retailers. When more customers choose sho-
wrooming, the retailer’s offline profit will decline but their online profit will in-
crease, which will benefit the retailer’s performance. 

The above conclusions have the following the main and important contribu-
tions of this research. First of all, this paper verifies that SPS is also applicable to 
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the free riding problem of consumers in multi-channel, and has also played a 
coordinating role in the supply chain. It really fills in channel coordination me-
thods. Therefore, for the sake of fairness, supply chain members are better to 
sign appropriate contract mechanism to ensure mutual profits. Secondly, in 
multi-channel, the more showrooming effect, it has a negative effect on the 
supply chain profit. This proves that the negative effects of free riding will not 
disappear with the increase of channels. The best way is for physical stores to 
improve sales efforts or set online price as the same as offline price, try to retain 
customers and reduce showrooming phenomenon. Finally, the benefits of retail-
ers opening online channel outweigh its disadvantages. The main reason is that 
it does not need high cost to open online channels.  

This paper has limitations in two aspects, which can be explored in future. 
One limitation is that the present research is based on the certain demand func-
tion, but demand is uncertain in reality. In the future work, we will further study 
the price coordination under the stochastic demand. Another we assume that 
there are only a retailer and a manufacturer in the market. Nevertheless, in the 
real life, there are many retailers and manufacturers. In the future work, in-
creasing the number of retailers and manufacturers is also a possible extension 
to our research. But its profit coordination will be a challenge in these complex 
scenarios. 
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